Abstract. In the present work, titanium matrix composites reinforced with TiB, TiC, and Re 2 O 3 (Nd 2 O 3 or Y 2 O 3 ) were fabricated via common casting and hot-forging technology utilizing the chemical reaction between Ti, B 4 C (or C), rare earth (Re) and B 2 O 3 through homogeneously melting in a non-consumable vacuum arc remelting furnace. In this work, Nd and Y were chosen as rare earth (Re) added in the in situ reaction. The thermodynamics of in situ synthesis reactions was studied. The results of X-ray diffraction (XRD) proved that no other phases appeared except for TiB, TiC and Re 2 O 3 . The microstructures of the composites were examined by optical microscopy (OM). The results showed that there were mainly three kinds of reinforcements: TiB whiskers, TiC particles and Re 2 O 3 particles. The reinforcements were fine and were homogeneously distributed in the matrix. The interfaces of TiB-Ti and Y 2 O 3 -Ti have been examined by high-resolution transmission electron microscopy (HREM).Transmission electron microscopy (TEM) and selected area diffraction (SAD) were used to analyze the orientation relationships of TiB-Ti, Nd 2 O 3 -Ti, and Y 2 O 3 -Ti. The mechanical properties at room temperature improved with the addition of TiB whiskers and TiC particles although some reduction in ductility was observed. The (TiB+TiC)/Ti6242 composite with TiB:TiC=1:1 shows higher tensile strength and ductility.
Introduction
The incorporation of low density, high modulus and high strength reinforcements into titanium, which by itself possesses a high specific strength at room and moderately elevated temperatures, significantly improves its specific modulus, specific strength and creep resistance. The titanium matrix composites (TMCs) reinforced with whisker or particle are conventionally prepared by powder technology or liquid metallurgy [1, 2] , where the ceramic particles are directly incorporated into solid and liquid matrices, respectively. However, titanium metal matrices reinforced with ceramic particles formed in situ are an emerging group of discontinuously reinforced composites that have distinct advantages over the conventional TMCs. Self-propagation high-temperature synthesis (SHS) [3, 4] , mechanical alloying [5] , powder metallurgy [6] [7] [8] and rapid solidification processing [9, 10] have been used to produce TMCs by in situ technique. Among the several techniques available to synthesize TMCs, the solidification processes where the reinforcing particles are formed in situ in the molten titanium prior to or during its solidification are attractive due to their simplicity, economy and flexibility.
In the present, we highlight a novel in situ process in which traditional ingot metallurgy plus SHS technique were used to produce (TiB+TiC+Re 2 O 3 )/Ti composites. In this paper, microstructures and mechanical properties of in situ synthesized titanium matrix composites have been discussed in detail.
Experimental procedures
The titanium matrix composites were fabricated by common casting techniques in non-consumable vacuum arc remelting and consumable vacuum arc remelting (VAR) furnace. In order to ensure the chemical homogeneity of the composites, the ingots were melted at least three times. After casting, the ingots prepared by consumable vacuum arc remelting furnace were hot-forged into a rod of 20mm diameter. The total reduction of hot-forging, i.e. A 0 /A i , was 25, where A 0 is the cross section area before hot-forging and A i is the cross section area after hot-forging. The cast and hot-foring samples were characterized by optical microscopy (OM), scanning electron microscopy (SEM), transmission electron microscope (TEM) and high resolution transmission electron microscope (HREM). The mechanical properties of composites at ambient temperature were tested.
Results and Discussion
Thermodynamic basis. In this work, multiple ceramic phases TiB, TiC and Re 2 O 3 are synthesized by the following reactions:
Ti+B=TiB.
(1) Ti+C=TiC.
(2) 5Ti+B 4 C=4TiB+TiC.
In order to study the feasibility of these in situ reactions, the Gibbs free energy ∆G of each reaction was calculated. The results are shown in Fig. 1 . Fig. 1 shows that the ∆G of each reaction is negative, which indicates that these reactions are liable to take place. Thus it is feasible to synthesize (TiB+TiC+Re 2 O 3 )/Ti composites through these reactions. (1) to (6) Phases Identification. Fig. 2 shows the X-ray diffraction patterns of the titanium matrix composites. From these XRD patterns, it can be concluded that TiB, TiC, Nd 2 O 3 and Y 2 O 3 were in situ synthesized through the reactions between Ti, B 4 C (or C), Nd (or Y) and B 2 O 3 , which proved the results of thermodynamic calculations above. And no other reaction products occur.
Microstructures. The microstructures of titanium matrix composites are shown in Fig. 3 It shows that the TiB, TiC, Nd 2 O 3 and Y 2 O 3 reinforcements are distributed uniformly in the titanium alloy matrix. These reinforcements are on a large scale ranging from less than 1µm to over 100µm. Moreover, the reinforcements' morphologies mainly exhibit following shapes: short-fiber shape, dendritic shape and near-equiaxed shape. The results of energy dispersion X-ray spectrometer (EDS) show that the reinforcements with short-fiber shape are TiB whereas the reinforcements with dendritic shape and equiaxed shape are TiC. From HREM observations in Fig. 8 , it is easy to determine crystallographic relationships between TiB or Y 2 O 3 and the titanium matrix alloy. Fig. 8 (a) is an HREM image showing a TiB embedded in the titanium matrix alloy in (TiB+TiC)/Ti composites. The lattice images also reveal that TiB exhibits pronounced planes which correspond to the close-packed planes, i.e., TiB(100), TiB(10 Table 1 . The tensile properties of in situ synthesized titanium matrix composites improve obviously compared with matrix alloy. The strengthening mechanisms result from the following factors: undertaking load, refine of grain size and high-density dislocations. The results show the elastic modulus and tensile strength of (TiC+TiB)/Ti6242 increase 20% and 44% respectively than matrix Ti6242. 
